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TITLE OF THE INVF-NTTON 
SEMICONDUCTOR LASER DEVICE WHICH REMOVES INFLUENCES 
FROM RETURNING LIGHT Of THKtlE BEAMS AND A METHOD OF 
MANUFACTURING THE SAME 
5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based npnn and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2000-282852, filed SepLeinber 19, 2000, 
the entire contents of which are i nnorporat.ed herein by 
10 icrcitsiitsts . 

BACKGROUND OF THE INVENTION 

1. Field of the invenrion 

The present invention relates to a acmiconduotor 
laser device and parricularly to a semiconducLor laser 
15 device including a semiconductor laser element adapted 

for an optical pickup based on a tracking ocrvo cyotcm 
using a thrfie-beam merhod. 

2. Description of Related Art 

A CD-ROM (Compact Disk-Read Only Memory) haa come 
20 to be indispensab I ft as a recording medium for a 

personal computer (PC) . In an optical pickup used for 
an optical disk, tracking control qenexally adopts a 
system called a 3-beam method. 

FIG. 9 ohowo a soheraatio view of an optical system 
25 adopted to the 3-t»eain system. A laser bediti 601 emitted 

from a semiconductor las<sr ftlAmfint such as a laser 
diode (not shown) is guided to a diffraction grating 
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602. The diffraction grating 602 generates diffr^^ntlon 
lights of 0-order^ l-order, axid -l-order. The 
diffraction lights pass through a collimator lens 603, 
a half-mirror 604, and an objective lens 605 and have a 
focus point on an opLlcdl disk 610. That is^ three 
beams of a main beam 606 and sab--beams 607 f^nri hOH are 
locuyed oil the optical disk 610, Reflection lights 
from the optical disk 610 are guided to the half-mirror 
604 passing again through the objective lens ftOiS i^ind 
are reflected on the hair-mirror 604, to enter into 
patterneo PDs Cpnoto diodes) eil, incldenr llqhr is 
photoelectrioally converred ar each PD 611. The signal 
outputted froui each PD 611 is calculated to obtain a 
position shift of thpi heam. The calculat-lon result is 
fed back to a drive part of the optical pickup and is 
controlled so as to let the main beam 606 follow the 
track 609, 

The tracking control based on the 3-b©am method 
covers a wide followiay range, and no limitation is put 
on the density and phase of the rii.slc. Therefore, Lhe 
Lrdckxiiy control is less influenced by variationo in 
the disk quality* Accordingly, this is sul table fur cnj 
optical pickup for reading- This method, however, hi^fii 
a problem of returning light from sub-beams. 

That is, as shown in FIG, 10, two sub-beams 705 
reflected from the disk partially return to th« uppe.r 
and lowear sxcids of the Xasea? aioae chip (hereinafter 
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called a LD chip) 701 (this is hereinafter called 

rerurninq liqhL) • The two sab-beams 70S arc 
distant from the laser beam 703 by a distance For 
example, when the 3-beam returning light 705 is Quidftd 
5 zo the side ol Lhs sub-mount/ the beams arc reflected 

again on the side surface of tbft .snb mount 704. 
Therefore, reflection light 707 is generated from the 
3-beam returning light and is mixed into Lhe upLical 
system. Consequently^ a tracking p.rrar is caused in 

To avoid rhis problem, a sub-mount BOl acs ahwwn ia"i 
FIG. 11 is used, A side surface of thi^^ .suh-mount 801 
LUab is positioned just below the laser beam cmiocion 
r^r.ett, at the LD chip 701 has three parts. That is# an 

15 upper part of the side surface of the suh-mnunt is 

formed to be vertical to the upper surface B02 of the 
sub-mount, A p;grr of nhe side surface near a position 
at a disjtance d (see PIG. 10) from the emission point 
la iucliiied at an angle 0 , A lower part of the side 

20 surface of thft sub-mount is also formed to be vertical 
to the upper surface 802 of the oub-mount. The beam 
direction of the 3-beam reLurninq light 705 is 
refracted in correspondence with the inclination angle 
9 of the inclined part. For example, the beam 

2b direction of the returning light 705 which reLurnti in a 
direction vertical to thA I after beam emission side 
surface SOS ia refracted by 2 6 , according to Snell's 
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law. NA (Numerical Aperture) of a collimator lens for 
a CD Is about 0.1, An estimated half angle i3 about 
5.7 degr*s.ft.s where the relationship of NA = xiXyiaQ, At 
this time, if the inclination angle is 3 degrees nr 
5 mare, the returning light reflected on the oido surface 

of the sub-mount is incident again t.n the collimaEor 
lens G03 (see FIG* 9)/ and ia thus prevented from 
mixing into the aprical system. Thua, laiTluences from 
the 3-beam returning light can he. eliminated by 

10 iiiuliiilng the aide surface of the sub mount 901 at an 

angle corresponding to T:he NA of the collimcitor lens. 

If a countermeasure is taken only agrsinfst tihe 
returninq light of the 3 beam optical oyotom, tho 
entire side surface of the sub-mount may be inciixieu. 

15 However, in case of die-bonding the sub-TDOunt to a 

metal heatsink or die-bonding the LD chip to tho ©ub- 
mount, the optical axis direction must be set precisely. 
Therefore, operation for letting the laser beam 
emiwtiioii facet of the LD chip collide with a 

20 positioning pin Is required- Hence, constant areas on 
the upper and lower parts of the oidc surface of the 
sub-mount are formed to be verLicdl to the upper 
surface of the sub-mount. That is, Ar\ innHned part is 
formed only on a part of the side surface of the sub- 

2b mount upon requirements, as shown in Fie, 11, 

The sub-mount HOI i.s formed by a dicing process as 

shown in FJGS, 12A and 12B. At first, as shown in 
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FIG. 12A, a sub-mount substrate 90;^ i5s partially cur by 
a blade 901 hdvixig a substantial V-shape* In thio 
mann^sir, a vertical parL and an inclined part dL uii 
upper part of a side surface of the sub-mount are 
5 lormeU, Next, as shown in FIG» the oub-mount 

substrate 902 is cut and divided by a blade 903 having 
a normal shape. At thic tim©/ another vertical part at 
a lower part of rhe side surface o£ Lhe sub-mount in 
the laser-beam emission sidfi is tormed. Thus, a sub- 

10 iftuunt 904 having three aide aurfaoes corraaponding to 

rhe laser-beam emission facer is formed, ThaL la, Lhi» 
sub-mounr 904 has rwo flat parts respRntivRly having 
heights a and e for abutting with a pin, and an 
inclined parr as a counrermeasure against 3-beam 

15 returning light, which has a height h and a depth c. 

The heights a and b and the depth c need to bo highly 
precise, wirhin a margin of error of about 10 urn* 
Therefore, when cutting is carried out by the V-shape 
blade 901, the position of the blade must be controlled 

20 prpiriRf^iy in the plane direcrion and in the depth 

direction.- In addition, when cutting is carried out by 
the blade 903 haviciq a iiormal shape, the blade must be 
positioned precisely. Further, r.hfi shape of the V- 
shapc blade changes due to friction as cutting 

25 continues. To cope wirh the effect of friction, the 
cutting depth must hft changed, and the inclined parr 
must be matohod with the required dimenaions. 
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Therefor©^ a complicated adjustment operation is 
required* 

As described above, the sub-iaounU hdviziy the 
otructure shown in FIG. 11 has a very coinpli.c;^tftrl 
5 atruoLute and is difficult to manufacture. The cost 

for the sub-mount is too high to enable an effective 
entire cost reduction for the semiconductor laser 
device. 

Hence, tharA h;qf? been a demand for a semiconductor 

10 laacr device and a method for manufacturing tho eame^ 

which are capable of consistently reiuoving the: 
influences of the returning light of thrp;e. beams, and 
enable excellent mass-productivity. 

BRIEF SUMMARY OF THE INVENTION 

IS According to an aspect of thft invention, there is 

provided a semiconductor laser device comprising: a 
sftmi n.ondiicr.or laser chip having an emission facet for 
emitting a laser beam; and a sub-mount having a first 
surface on which the semiconductor laser chip is 

20 provided, and at least one second surface vertical to 
the first surface, wherein one of the second surface. 
Which is arranqed in line with the emission facet of 
the semiconductor chip, ift inolinftd at an angle of 3 to 
30 degrees to the emission facet, and the second 

25 surface which Is inclined reflects relltJcLiun light of 
a snh-heam dittracted from the laser beam emitted from 
the semiconductor laser chip. 
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BRIEF DESCRIPTION OF THE SRVRRAT. VIEWS OF THh: UKAWIKG 
FIG. 1 is a schematic perspective view showing a 
semiconducror laser device accordinq Uu the first 
embodiment o£ the present invention; 
5 riG» 2 is a plan view showing the oomiconductor 

laser device, viewAri trnm the. upper side; 

FIG, 3 io a cross-sectional view of a 
semiconductor laser eleiut^aL used in the semiconductor 
laser devic*=i according to the first: embodiment of the 

10 pareofint invention; 

FIG. 4 is a schematic pcrapcoLive view showing a 
semiconductor laser devir.p. ancnrding to the second 
embodiment of the present invention; 

FIG- 5 Is a cross-sectional view ul d 
15 semiconductor laser Aliment nsftd in the semiconductor 

laser device according to the ocoond embodiment of the 
present invention; 

FIGp S is a perspective view of a sub-mount 
substrate and explains a method for manufacturing a 
2(1 sub-mount having a count ermeasure against 3-beam 

returning light, according to the present invention; 

FIG. 7 ib d cross-sectional view of a sub-mount 
substrate and explain.*: Pi merhnd for manufacturing B. 
cub-mount having a counterm^asure against S-beam 
25 returning light/ according iv Lhtj present invention; 

FiGS. 8A and 8b are plan views showing 
modifications of the semiconductor laser device 
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according to t-hfi present invention; 

FIG. 9 is a schematic view of a semiconductor 
laser device for an opLiudl pickup, using a 3-beam 
method according to the present inve.ntinn and the prior 
5 arti 

FiG. 1(3 is a schematic view which explains 
returning light of a 3-beam optical system; 

FIG, 11 is <a perspective view of a semiconductor 
leaser device and explains a convenrional countermeasure 
10 against 3- beam returning light; and 

riGS, 12A and 12B care uz.x)ds-£»ectional views 
Rxplaining a mesthod of manufacturing a sub-mount having 
a conventional countermeasure against 3-beam returning 
liqht. 

15 DF.TATLED DtiSCRlFTlON OJ?" THE INVENTION 

In the following, embodiments of the present 
invention will be explained with relereiicjt! Lu the 
drawings. 

At first, tho first embodiment will be explained 
20 with reference to FIGS, 1/ 2, dud 6. 

In FIG. 1, an LD chip 101 is mounted on a sub- 
ittuunL by a junction-down such that a junction area 
oriented downward. The junction area generates a large 
amount of heat. By providing the junction area cTokp 
25 Lo Lhe sub-mount 102, the heat radiation efficiency of 

the LD chip 101 can be Improved. Therefore, the 
increase of the temperature at the light emission part 
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of the LD chip lt)l can be reduced. It Is estimated 
that the case temperature To io about 70 to 7S*C when 
using a CD-ROM. However, in Uiia case, the LD chip 101 
can be operated steadily. 
5 The sub-mount 102 io mounted on a heatsink 108. 

The* RiJb-TOount 102 has an upper surface and four aide 
surfaces vertical to the upper surface. Of thftse side 
surlacess, Lhe side surface in line with the laser beam 
emission tar.et of the LU chip 101, i.e., the side 

10 surface poaitioned just bellow the laeor beam emieeion 

facet of the LD chip 101 la iiiolined. This inclined 
sirif". .snrfflne (hereinafter called an inclined surface) 
111 is oblique to the laser beam emission facet at an 
angle 0 . The diiqle 0 is sec within a range of 3 to 

15 30 degreftS/ tor example, in correspondence with the NA 
of the collimator Icno. 3-beam returning light 106 
which is incident to the inclined aurlace 111 of the 
sub-mount 102 is reflected by the inr.lined surface 111 
to become reflection light 107 of the 3-beam returning 

20 light. This reflection liqhL 107 is inclined at angle 

2 0 to the 3-beam returning light 106 as incident light. 
Ill case of a collimator lens having NA-O.l {see FIG. 9), 
rhfi rftflRcr.ion light 107 of the 3-beam returning lighL 
106 does not enter into the collimator Iftns it fl =:< 1 s 

25 yivwn. Therefore, this reflection light 107 is not a 

noise source which influences tracking errors. 

In an actual optical system, the 3-beam returning 
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light is not alway5=i vertical to rhe laser beam emission 
faceL o£ Lhe LD chip- In addition^ the installation 
po.qition of the collimator lens varies wiLh respect to 
the hcatsink, and the installation position nf thft 
5 uullimator lens varies with respect to the diffraction 

grating. TherAtore, the incident angle to the laser 
beam cmiocion facet is a much larger value. How(3V(?.r, 
if rhese componenLb are positioned so that the coupling 
officiency between the light outpui: of the LD chip and 

10 the optical ayatem reaches a practically ueoful level, 

rhe incident angle of the 3-beaiii retuiiiirig light ia 
about twice the est i ma ted angle of the collimator lens 
at most. If this is taken into consideration, a 
sufficiently effective result cdii be ubtained if the 

15 inclination angle f) r>f thP. inclination surface 11 of 

the sub -mount is set substantially to 30 degrees. If 
r.he reflection rate of the side surface u£ LUe sub- 
mount is as small as several the inclin?it-i on angle 
can further be reduced » In this caoc, a sufficient 

y{) atl-ect can be obtained if the inclination angle of Lhe 
inclination surface 11 of the sub-mount is within a 
ranqe of 3 Lu 15 degrees, for example. 

FIG, ?, 1^ a plr^n view of the semiconductor laser 
device shown in FIG. 1, viewed from it upper sidft, Tn 

25 this embodiment, Lhe hedLsink 108 has a substantially 

square, nr rer.tanguiar shape, and the sub-mount 102 has 
a parallelogr-smatical ohape * The LD chip 101 has a 
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rectangular shape. Edges of thft T.n nhip 101 and the 
heatsink 108 LhaL are opposed to each other arc 
substantially parallel to each other. Two edqes of the 
LD chip 101 are parallel to two edges of the sub-monnt 
5 102, and Lhe other two edges of the latter arc oblique 

at an angle B to thfi othp.r two edges of the former. 
That is, the inclined surface 111 positioned just below 
the laser beam emission facet of Lhe LD chip 101 is 
inclined at an angle fl to the laser beam emission 

10 Tiijcet. 

In general, the LD chip mounted wlLh j uuction-down 
is provided such thar its lasp.r bp.ain eTnission facet 
slightly projects from the side ourfaoc of the sub- 
mount, to prevent interference with a laser beam. In 

IS this embodiment, a part of thft lasftr hftam emission 
facet contacts the side surface of the sub-mount. 
Hnv7evftr, the other part of the laser beam emiasion 
facet is distant from the side surface of the sub monnt. 
Thus, interference with the laser beam is prevented. 

20 Tn 1-hft f?ub~mount 102, as shown in FIG. 1, an 

element electrode 110 is formed on its upper surface, 
and a lower electrode 104 is formed on its lower 
surface. The lower elAcrrorie 104 is joined to the 
heatsink 108 by solder 105. The inclined surface 111 

25 of the sub-mount 102 has an angle (0+90) degrees 
to the side surf;^f:ft H)^ adjacent to the inclined 

surface 111. 
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Desirably, the material of the snh-moimt 102 has a 
coefficient of linedr expansion which is approximato to 
that of thft material of zhe LD chip 101, and an 
©jccellont thermal conductivity, Purthor, the material 
5 of Lhe aub-raount 102 needs to be easily proccacable. 

An AlGaAs MQW (Multiple Qu;5ntum Well) laser for CDs as 
shown in PIG, 3 uses, for example, GaAs as its 
substrate marerial. The coefficient of liiiecir 
expansion of GaAs is 6.4 X 10"^ (l/K"). The materials 

10 cshowji iu Tabic 1 have a. coefficient of linear oKpanoion 

of 3,5 >; 10 ^ (1/K) to 8 X 10-^ (1/K), which io 
approximate to rhe atoove-^ment i nnp-H nne-Fficient and have 
an excellent thermal conductivity of 140 W/m • k or more. 
That is, the materials are aluminum nitride (AIN) , 

15 silicon carbide (SiC), silicon, or the like, «ihnwn in 

Table 1, 

Table 1 





Coefficient 
of linear 
expansion 
(XlO-ft K 1) 


Thermal 
conductivity 
(W/m • k) 


AIM 


4.h 


'ADD or more 


3iC 


3.7 


210 


Si 


4.2 


151 


Cu 


16.5 


395 


b'e 


11.8 


72 



20 

The materials of the suD-mount each have a 
coefficient of linear expansion of an ordi^r 
substantially equal to that of CaAa. In contrast, 
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copper (Cu), iron (Fe) , or the like used as tUfi 
material of the heatsiuk hds a very large coefficient 
of linear expansion. Therefore, the materials of the 
sub-mount described above can much more relax the 
5 thermal BLreaa dCLing on the LD chip, compared with the 

case of directly die-bonding the LD chip to the 
material of the heatsink. 

A multi-layered film structure in which liliiis of 
Titanium (Ti) and Gold (Au) are each formfid to have 

10 thicknesaes ul 10 nm to aevcral tens nm can be 

considered as the maT^eriai for the lower electrode of 
the sub-mount and the element electrode. Further, a 
Tl/Pt/Au multi-layered structure including platinum 
(Pt) as a barrier metal between the Ti and Au forming 

15 the multi-layered film structure. By using these 

tilecLrodes, the laser element can be easily soldered to 
the sub-mount with usa of AuKn .voider (solder 411 shown 
in FIG. 3). Tho multi-layered film structure described 
above can be luimed by a manufacturing method suitable 

20 for mass-prorinr.t.ion sunh as magnetron sputtering. In 

the case of preparing the structure by vacuum 
evaporation or the like, iL Is desirable that chrome 
(Cr) is added between the Ti of the mult i- 1 a ye red filTn 
structure and the hcataink, to form a structure of 

2b Chrome/Titanium/Gold CCr/Ti/Au) . Bv adopting this 
structure, sticking strength r.an hft improved. 
FIG. S shows an eseamplci of a method of 
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manufacturing the .«inh-Tnount 102 shown in the first 
eiTibodiitient . The sub mount 102 can be formed by dicing 
a substrate as a wafer/ for excimple. If the angle of 
the inclined surface 11 of the sub-mnunt 1Q2 is seL to 
5 10 degrees, a normally uacd blade ie used to cut a 

predeterminp-ri width of the substrata 1001 along a firtsL 
dicing line 1002. Thoreafter, the substrate 1001 i.s 
cut in parallel with a second dicing line 1003. The 
«;ftr.nnri rii cing line 1003 is further inclined by 10 

10 degreea from the dirootion porpondicular to tho first 

dicinq line 1002. That io, Lhe second dicing line 1003 
is inclined at 90** 1 0** ^lOO"" to the tirst dicing line 
1002* By the dicing in this manner, the sub-mount 102 
shown in PIGS, l and 2 can be xaanuf actured. The dicing 

15 is not limitftri to the order described above* However, 
cutting may be carried out firstly along the second 
dicing line and next along the rirst dicing line* 

The sub-mount 102 shown in the fi.r«!t ftmhodiment 
does not require the depth of the blade or the 

20 adjustment of the position as shown in FIGS. 12A ctnU 
12B. Therefore, the sub-mount 102 shown in the first 
embodiment required less complicated operations than a 
cnnvftnr.innal sub-mount as a countermeasure againaL 
three beams, so that its mass-productivity is munh 

25 increased. 

When the sub-mount 102 is die-bonded to the metal- 
made hcateink, positioning is carried out by letting 
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the side surface of the sub-mount jn^sf. below the laser 
beam emission faceL contact a positioning pin- In thio 
case, the pin 1s previously inclined by t:he inclinaLion 
angle of the oub-mount 102 to the laser beam direction. 
Then, a die-bonding apparatus used for a conventional 
sub-mount can be used. Anpnrriingiy, an advantage can 
be attained in that the productivity can be improved 
wi-chour requiring any new equipment. 

In many cases, the sub-mount fnr a .semiconductor 
Idcscr its &(^lUc;x.ed to a hcatoink made of Cu or P© plated 
wirh Au/JNie or the like, wiT:h use of AuSn solder havluy 
an atomic % ratio of 80! 20. In this ca^Ft, the LD chip 
is firstly die-^bonded to the sub-mount, and next^ the 
sub-mount is die-bonded to the heatslnlc, TherecirLer, d 
pellet of AuSn solder is supplied between thp. hft^tsinfc 
and the sub-mount on which only a lower electrode is 
torraed, and the .suh-mounr. equipped with the LD chip is 
die-bonded to the heatsink^ 

Meanwhile, in case where the sub mount is firstly 
5^oldereri to the heatsink and the LD chip is next die- 
bonded to the sub mount, the pellet of AuSn solder is 
not supplied at this time but AuSxa yulder having a 
constant film thicJcness and the atomic % r^^rio of B0:20 
is previously deposited by evaporation on the lower 
electrode 104^ as shown In FIG, 1, In this ^LrucjUure, 
the amount of soldp.r U5=ieri tor soldering can be constant 

so that the productivity in die-bonding can bo improved 
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greatly. If the solder thickness is too small, riifi- 
bonding is difficult. OUieiwise, if it is too large, 
solder oozes nut around and causes short-circuitiiiq ua 
the LD chip joint surface. Therefore, soldering is 
5 arranged such UidL Uhe film thickness is within a range 
of 80 nm to 5 urn. consistent with the die-bonding 
conditions. 

k'lii. 3 shows an example of the LD chip which is 
die-bonded to the sub-mount. FTG. A is a cross- 
10 sectional view showing the csti-ucture of the laser beam 

emission facet of the LD chip, m the LD chip/ an 
n-eleotrode 4 01 is formed on one surface of an n-OnAs 
substrate 402, and a plurality of semiconductor layers 
are stacked on che surface opposlLe to the n-electrode 

15 401. That is, an n-cladding layer 407, a guide layer 

406, an MQW active layer 405, a guide layer 404, and a 
p-ciadding layer 40.li are sequentially formed by 
epitaxial growth using MO-CVD {Metal Organic Chemical 
Vapor DfcJposion) or MBB (Molecular Deam Epitaxy) 

20 technique. The MQW active layer 405 is one for laser 
emission and consists of AlxGa(l-x)Ac layers as well 
ones and AlzGa(l-z)As layers as barritsr ones {0^x<z<l) 
n-cladding and p-cladding layer compositions are 
AlyGad y)As (2<y<l) . Guide layers 404 and 406 made of 

25 Alz Ga(l-Z)As are formed on both sides ol the MQW 

active layer 40^, The MQW active layer 405 and the 
guide layers 404 and 406 arc sandwiched between 
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cladding layers 403 and 407 made of n-Aly R?i(l-y)As. 
An n-GaAs current blocking layer 408 and a p-GaAs 
contacting layftr 4t)y are sequentially layered on the 
cladding layer 407. The current blocking layer 408 is 
5 noL formed near mi dred just below the light emission 

part 412, but th© p-cladding layer 407 and thft p- 
contacting layer 400 directly contact oach other, A 
portion of the claddinq layer 4 07 located under the 
light emission part 412 forms a ridgft p^jrt 4:>1. The 
10 part of the cladding layer 407 other than the area 

corresponding to tne light emission part 412 Is a flat 
part 422. A p-electrod© 410 Is formed on the 
cuiiLidcLinq layer 409, and AuSn solder 411 provided 
thereon* 

15 The LD chip has an AlGaAs MQW active layer ^r\ci a 

cladding layer, and the cladding layer 407 has a ridge 
part 421 and a thin flat part 4^P- An n-GaAs current 
stop layer 408 covcra both cidc surfaces of the ridge 
part 421 and the upper aide of the thin cladding layer 

20 407. This is calleri an SRR (Selectively Buried Kidge) 

structure • Controllability in the lateral mode io so 
excellent that the astigmatism is amall, dnd LUe 
structure can be driven at a low current so that 
operation at a high temperature can be achieved- By 

2b combining the sub-mount havinq a structure shown in 

PIG. 1 with the LD chip shown in FTfi. A, it is possible 
to provide a semiconductor la3er- device for an optical 
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pickup, which can operate at a hiqh temperature with 
low noise. 

For ftxampie, a Gold Zinc (Auzn) layer which has dxi 
eKcellcnt characteristic as ohmic contact material is 
5 uaed lux the p-electrode 410 of the LD chip. This Gold 

Zinc (AuZn) layer is f.orme.ci on the p-GaAs contacting 
layer 409. A Molybdenum (Mo) layer or Pt layer as a 
barrier itieral is provided on rhe Gold Zinc (AuZii) layer, 
and an Au layer is formed as the uppftrmost layer. To 

10 Iwiiii Xdyera, an electron beam evaporation apparatuo 

Which has excellent film thickness controllobility is 
used. If an acceptor having a .sufficient, concentration 
is formed in the p GaAs contacting layer 409, Ti is 
formed on the p-GaAs contacting layer 409, and a 

15 barrier metal layer such as ^4o or Pt is providftrt on the 

Ti, and an Au layer is formed as the uppcrmoat layor. 
In the nase of using the p-electrode 410 having this 
structure, annealing process indispensable to the case 
of an electrode using AuZn is unnecessitated. 

20 Theretore, an electrode manufacturing step can be 
omitted. 

An AuSn solder film hdviiiq dii dLoraic % ratio 80; 20 
and a thickness of BO nm to b tim is rteposir.ed by 
evaporation on the p-electrode 410. The LD chip shown 
25 in FIG. 3 has a structure which is excellent in 

productivity, as an T,D chip to he die-bonded to a sub- 
mounn by junction-down. 
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As shown in FIG. 10, "hhA .'-J-beam returning ligni: 
albo i-eLurns to the upper side o£ the laser beam 
emission facet of nhe LD chip, in the case where the 
LD chip is mounted by junction-down, the thi.cl^nftSR T at 
5 Lhe LD chip in PIG. 1 may be reduced to be leoc than 

th6 distance between the laser beam and rhe 3-beam 
returning light, in order to avoid influences from the 
3-beam returning light. The distance d changes 
depending on the design ot the optical sys-cem. The 

10 thickncoa T of the LD chip is set from 60 to 150 fim. 

That is, after the p-electrode 410 ahown in FIG, 3 is 
formed, the back snrfRnP. nf the. n-GaAs substrate 402 is 
generally polished to reduce the thickness of the wafer, 
in order to facilitate bar-cleavdqe duU uUip-cleavage 

15 for cleaving a wafer intn P5 plurality of chips like 

bars. In this polishing step, the thicknoos of the LD 
rhip is set to T* 

The first embodiment uses an LD chip having the 
SDR structure* However/ the first embodiment is not 

20 limited to this structure but Is applicable to any kind 
of structure used for an optical pickup for CDs, which 
is die-bunded Lo d sub-xnoux-it by junction-'down* 

Neict, the second embodiment will be explained with 
reference to FIGS, 4, 5, and 7* 

25 FIG, 4 shows d Lwu-wdveltJiigLh laser device 

according to the second embodiment of the present 
invention. An LD chip 201 includes a laser element 
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which emits a laser beam 212 with a 7Rn-nTn-band 
wavelengch for a CD dx'xd a laser element which 
oscillates a laser beam 211 with a 650-nni-band 
wavelength for a DVD (Digital Versatile Disk). That is, 
5 both of the laaer elements are formed monolithioally on 

a substrate forming the LD chip 'MU , such that the 
stripe structures of the active layers of both laser 
elements are parallel. This laser device ifcj suitable 
for an optical pickup which rftads optical disks of both 
10 ul CD ciJid DVD- 

in Che case of a conventional pickup used la 
common for borh CD and DVD, a laser devi r.e which lasc-s 
ill a 780-mn'-band for an optical pickup for CD and a 
laser device which lases in a 650-nm-band for an 

15 optical pickup for DVD are installed by making optical 

position adjustment. In contrast, two laoor elements 
can be i.nccrpnrar.ed in one package if a two-wavelengLh 
laser clement shown in FIG* 5 is used. In addition, 
two bLriped dc^Live layers are formed monolithically, so 

20 that the distancp. hetwp.en beams can be malnrained with 
high precision. Therefore, the number of optical 
elements in an optical pickup can be reduced, and 
services for position adjustment of respective 
components can be greatly reduced. In this manner, 

2b costs for productivity of the optical pickup can be 
greatly reduced. 

An active layear 512 Ghown in FIG. 5 corresponds to 
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the laocr beam having a wavelength of 780 nm shown in 
FIG* 4, and another duLive layer 513 also shown in 
FIG. 5 corrA,<5pnnds to the laser beam with a 650-iuu" 
wavelength alao chown in PIG. 4. It is necessary to 
5 drive currenLs independently in active layers 512 and 

513 to enable independent lasing from the active ones. 
Therefore, the active layers 512 and 513 are 
electrically isolated from each other, and p-alddding 
layers 504, p-eiectrodes 509, ;=inri portions of solder 

10 510 furiucd for the active layers 512 and S13 arc 

eiecrrically isolared from each ot^her. 

The LD chip 201 is provided on a suta-mount POO- 
The plane shape of the sub^mount is arranged to be, for 
Ax^5mpf6=5, a parallelogram like the first embodiment • 

15 Therefore, the sub-mount 200 has an inclined .^mrt^ir.ft 

206 just below the laser beam emiasion facet of the LD 
chip 2U1. 

The LD chip 201 is die-bonded to the sub-mount 200 
by juncLiua-down, Therefore, the sub-mount 200 shown 

20 in FIG. 4 has, for axample, two element electrodes 202 
which are electrically isolated from each other. These 
element electrodes 202 respectively ccrrespond to p- 
electrodss 509 of the laser elements shown in Kic-;. 5* 
FIG. 7 shows an example of a cutting method for 

2b tormina the sub-mount 200 havina a structure shown in 
PIG, 4, At first, a sub-mount substrate 1102 is cut 
shallowly by an elactrode aeparation blade 1104 having 
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a small widths to remov© a part of an element p.1 ftct.rode 
thereby to form an elecLruUe isolation part 203* Two 
electrodes 202 rt^. thns tormed by the electrode 
isolation part 203. Next, the sub-mount is cut by a 
5 sub-mouni: separaLiua blade 1105 having a large width. 

This cutting is the same as the method shown 1n FIG* 6. 
In a two-wavelength laser, it ia demanded that the 
distance betwoan the laser beams of 780 nm and 650 nm 
should be 100 jum to 200 tim. In consideration ot 

10 variants of the dlc-^buxiding poaition of the LD chip, 

the widtn w or tne electrode isolation part 203 (see 
PIG. 4) should desirably be 70 iim or less. ThereforR^ 
Lhe width H of the electrode separation blade 1104 
shntiiri ciesiTrihLy be 50 UKi or less. 

15 According to the second embodiment of the present 

iiivenLioii/ Lhe electrode isolation part 203 of the LD 
chip, an inclined surtace 20 6 rhftrftof having an angle 
6 f and a side surface 207 thereof which is adjacent to 
the Inclined surface 206 and substantially parallel to 

20 the laser beams arft ;^ I I tormed by dicing. in addition, 
adjustment on the positions and depths of the blades 
are relatively easy with respect to forma Liun o£ Lhe 
electrode isolation part 203, inclined surface 2U6, and 
side surface 207- Therefore/ this sub^-mount 200 is 

25 e^iicellent in mass-oroductivity. 

Other methods than cutting can h<=i nonslriered with 

respect to formation of the elec=troda isolation part 
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203 of the oub-mount 200, For example, therft five, a 
method of etching a subsLrdLe in a state where the 
other part than the p.lf^ntrode isolarion part 203 is 
masked with use o£ photolithography, a method of 
3 removing electrode pcirLa by lift-off also with use of 

the photolithography, a method of selectively forming 
i-lfectrodes for a two-wavelength clement with use of 
laser cutting using a YAG laser or the like and a iiieLal 
mask, and the like- A selection is made from t.hftse 

10 merhods in accordcmwc with the width W of the electrode 

isolation parL and rhe size of burrs formed ar edges of 
the electrodes • 

In Lhe LD chip shown in FIG. 5, the active layer 
51?! for f.hft wavelength band of 780 nm is an AlGaAs bulk 

15 active layer, and the active layer 513 for the 

waveleuqLh band of 650 nm is an InGaAlP MQW active 
layer • The active layer.*; Fi]2 f^nci 513 respectively have 
InGaAlP cladding layers 503 and 50^ having a common 
compoalLiuii. The cladding layer 503 is formed on the 

20 n-GaAs substrate 50?, The n-electrode 501 is formed on 

Lhe back surface of the n-GaAs substrate 502. Further, 
the p-cladding layer 504 has a ridge, and boLh side 
surfaces of the ridge and the p-ciadding layer 504 ?*rft 
covered in common with a current blocking layer 506 

25 made of n-GaAs. 

The SBR structure is thus fnnmeri. This SBR 
struc-cure tias small astigmatiism nlncc the 
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controllability in thft l;5t.eral mode is excellent as 
previously described. In addition, the otructure can 
operate at: a high temperature since it can be driven at 
a low current. An etching stop layer 5D5 m;=5rla at InGaF 
5 is formed on the p cladding layer S04. A conductive 

layer 507 marifi ot p-inCiaF is formed on the narrow p- 
cladding layer 504 sandwiched between current blocking 
layers 506. A coiiLacLiny layer 508 is formed on the 
current blocking l^iyers hoei and the conductive layer 

10 507. A p-type electrodes BOO isolated for ovory 

element: is formed on the conLctuLiay layer 508- AuSn 
solder 51 n is formed on the p-electrode bUy. 

Thus, a ocmiconductor layer apparatus for an 
optical plclcupr which is capable or operatixag at a high 

15 temperature with 1 nw nnisA, nan he obtained by 

combining the semiconductor laccr clement shown in 
FTG. 3 with the sub-mount having the structure ahowzi in 
FIG, 4- Also, according to the semiconductor l;^.«!ftr 
element shown in FIG. 5^ two elements of different 

20 wavelengths can be formed In one chip. And/ the 

distance between two beams can be controllod precisely 
uisinq phuLoliLhographic technique. Accordingly^ 
margins can be obtained with respect, to the positional 
precision concerning the width W of the electrode 

25 separation pari of Lhe yub-mount or the die-bonding. 

Tt 1R thftretore possible to provide a two-wavelength 
semiconductor laser device which has excellent 
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mass-productivity, 

A Gold Zinc (Auzn) layer navinq an excellent 
characteristic: as ohmic or\r)tPir.t material is used as the 
p-electrode 509 of the LD chip shown in FIG. S, This 
5 Gold Zinc (AuZn) layer iy lurmed on the p-GaAs 

contacting layer 508, A Molybdenum (Mo) layer or Pt 
layer as a barrier metal is provided on the Gold Zinc 
(AuZn) layer, and an Au layer is formed as the 
uppermost layer. To form layers, an electron beam 

10 evaporation apparatus which has excellent film 

rhlckness conrroiiaDlilty is used- If an acceptor 
having a sufficient concentration is formed in the p- 
GaAa conLacLiny Iciyer 508, Ti is formed on the p-GaAs 
contact inrj l^iyp.r hUH, and a barrier metal layer such as 

15 Mo or Pt is provided on the Ti^ and an Au layer is 

formed an Llie uppermost layer. In the case of using 
the p-electrode 509 having this strucr.t^rft, annealing 
process indispensable to the case of an electrode using 
AuZn is obviated- Therefurer an electrode 

20 manufacturing step can be omittftri. 

An AuSn solder film 510 having an atomic % ratio 
of 80:20 and a thickness of 80 nm to 5 ^^m is depoaiUed 
by evaporation on the p-electrode 509- The LD chip 
shown in FIG. 5 has a structure which io oxccllcnt in 

25 productivity, as an LD chip to be die-bonded to a sub- 
mount by junction --down. 

The soider SIO formed c>n the p-clactrodc 509 of 
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each element iss separated, for example, by etching with 
use of phorolithographY. Thi^i etching process requires 
only one photol i thngraphy step. Therefore, margins can 
be obtained with rcopcct to positional precision of 
5 die-bondinq Lu thy sab-mount in the second embodiment • 

This manufacturing method includes simple, steps and is 
therefore excellent in productivity. 

As shown in FIG- IQ, 3-beam returning lighL dlao 
returns to the upper side of the laser bft^m emission 

10 facet of Lhc LD chip- In caoo where the LD chip is 

mounrea Oy juncr ion-down, the thickness T of the LD 
chip may be set to be smaller than rhe distance d 
between each laser beam and the 3 -beam returning light/ 
in order to avoid Influences of the S-beam returninq 

15 light. The distance d changes depending on thP. design 

of the optical system* Thickness of the LD chip, 
however, is set within ^ r^snge of 60 to 150 /zm. That: 
is^ after forming the p-electrode 509 shown in FIG- 5, 
the back burlace of the n-GaAs substrate 502 is 

20 po.lishAd to rfidnne the thickness of rhe wafer, in order 
to facilitate bar cleavage and chip-cloavagc- In this 
polishing szep, the thickness of the LD chip is set 
to T. 

The second embodiment uoco a two-wavelength LD 
2b chip havincr an SBR structure- However, the second 
embodiment is not limitfid to this LD chip but is 
applicable to any monolithic tiwo-wavelength laser that 



•01-09-13 17:3b 5g5t-001 12133376701 



m mMjL'Wm » wm hh Re 



i-700 P.29/d3 tl- 



- 27 - 

is die-bonded to a sub-mount by junction-rinwn . 

Next, the shape aud layout of the sub-mount used 
in the present invention will be explained with 
reference to FICS. 8A and 8B, 
5 In the firaL diid second embodiments, the plane 

shape of the sub-mount is a parallelogram. However, 
the shape of the sub-mount ia not limited thereto • The 
sub-mount needs only to have an inclined aurldcie 
inclined to the laser beam emission t^^r.ftt of the 

10 semXc^onduuLur Idisex chip, juot below the emisaion £ac©t 

In a sub-mount 1202 shown in FIQ. Sa, the only one 
edge that corresponds to the laser beam emission f^cRt 
of the LD chip 1201 is inclined at an angle 0 to the 
vertical direction • This sub-mount 1202 is mounted on 

15 a heatsink 1208, The other edges of the Anb-monnt. '{21)2 

bhan the inclined edge are parallel to the 
corresponding edges of thfi h#*.ar.ftink 1208. 

The ahapc of a sub-mount 1203 shown in FIG. 8B is, 
fur excuuple^ a square or rectangle- The LD chip 1201 

20 is mnnnteri on the sub-mount 1203. The laser beam 

emission facet of this LD chip 1201 is inclined at a 
predetermined angle d to one edqe of Lhe sub-mount 
1203. The sub-mount 1203 on which the LD chip l^O] is 
mounted is further mounted on a hoatsink 1208. The 

25 edaes of the sub-mount 1203 are arranged at an angle 6 
to the edges of the hArstfsink respectively. 
Tharafore, tho cdgco of the LD chip 1201 are 
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reopcotively parallel to the edges of the hA;5l-.P!ink 1208. 
The same advantages as Lhoae of the first and second 
embodiments can bP. attained by the structures shown in 

PIGS, OA and 8D. 

5 Additional advanLdqtss aiid modifications will 

readily occur to those skilled in th«=>. art. Therefore, 
the invention in its broador aopocts is not limited to 
the specific details and representative eiiibudimenLs 
shown and described herein. Accordingly, various 
10 modifications may be lueide without departing from the 

spirit or scope oi the general inventive concept as 
defined by the appended claims and their equivalents. 



